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This study aims to reveal the nature of dust, clouds and thermal structures (temperature) and 
their interactions in the Martian atmosphere by statistical analyses of remote sensing data mainly 
obtained by Martian explorers’ data. In this manuscript we show several results by Mars Climate 
Sounder (MCS) onboard Mars Reconnaissance Orbiter (MRO), which was launched in 2005 by 
NASA.  
The MCS data (the latest version of 4.3) used in the present study includes dust opacity, water 
ice cloud opacity and temperature during Mars Year (MY) 28-32. The original data is provided at 
the website of Planetary Data System (PDF) by NASA (https://pds.jpl.nasa.gov/). We averaged the 
original data to make grid data with the resolutions of five degree of latitude, longitude and Solar 
Longitude (Ls). We adopted NetCDF format to contain the averaged data for easy data handling.  
Zonal averaging of dust has been used to study High Altitude Tropical Dust Maximum (HATDM) 
in the previous studies [McCleese et al., 2010; Heavens et al., 2011]. Our previous study [Kawanishi, 
2014] showed interannual repeatability of HATDM occurrence in MY28-31. The present study has 
added MY 32 data to confirm the results of the previous studies (Fig. 1). We also investigated 
longitudinal dependences of dust, water ice clouds and temperature. The past study [Yamaya 2015] 
suggested strong correlations among those amounts over Hellas Planitia (30-60°S, 50-100°E) and 
weaker correlations over Tharsis mountain region by using old version’s MCS data. Those features 
were confirmed by using the latest version of the data. Based on the preliminary studies mentioned 
above, we show the results of statistical analyses for both of zonal and longitudinal distribution of 
dust, water ice clouds and temperature with MRO-MCS data (Fig. 2). We also compare the 
observed features with numerical simulations’ results. For the longitudinal distribution, we conduct 
wavenumber analyses to find the relationship of dust, water ice clouds and temperature with wave 
activities, e.g., thermal tides.  
By using the latest version of the MRO-MCS data, we investigated the zonal averaged and 
longitudinal distributions of dust, water ice clouds and temperature during MY 28-32. The features 
from the preliminary studies and their interannual repeatability were confirmed by the latest 
version of the MRO-MCD data. The comparisons with numerical models and the wavenumber 
analyses suggest the relationship of the observed features of dust, water ice clouds and 
temperature with atmospheric wave activities. 
Fig. 1: Zonal mean of dust opacity observed by MRO-MCS in 
(a) MY29, (b) MY30, (c) MY31 and (d) MY32.  
(a) (b) 
(c) (d) 
Fig. 2: Longitudinal distribution of (a) water 
ice cloud opacity, (b) temperature and (c) 
dust opacity observed by MRO-MCS in 
MY29.  
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